The Cullera Estany is a coastal lagoon located in a highly intensified agriculture and tourist area in Valencia. This coastal lagoon has connections with the sea that produce marine intrusion and generate a freshwater interface. 
The problem of water eutrophication in Europe has resulted in a legal mechanism for improving the ecological quality of the water by the European Water Framework Directive (WFD 2000/60/CE). The regional government has to implement this Directive in all its waters, however to date no detailed study has been made of the quantity and quality of the water in many places under the WFD requirements.
For that reason the aim of this research is to analyze phytoplankton community behaviour (composition) and its relation to nutrient content in a coastal stratified lagoon in the Mediterranean region. This study attempts to be a helpful preliminary research of the system in order to facilitate the further WFD implementation in this water body.
Material and methods

Study area
Cullera Estany is a microtidal coastal lagoon approximately 2400 metres long, 35-175 metres wide and maximum depth of 7 metres, located near Cullera city (Valencia, Spain). showing a marine water intrusion that generates a freshwater-saltwater interface (Vicente & Miracle 1988) . Freshwater inputs to the Estany come in depth from groundwater and in surface by inputs from several irrigation channels (Fig.1) .
Data acquisition
Four field campaigns were carried out in March, May, July and October 2010 at one sampling station defined in the middle of the coastal lagoon ( Fig.1 ).
At the sampling station, a multiparametric probe YSI was used to locate the freshwater-saltwater interface depth since it fluctuates. Once the interface was located, water samples were taken using a Density Interface Water Sampler (Mösso et al. 2008) . This device allows taking samples at the interface and 10, 20, and 30 cm below. Two additional samples were also collected, one at the surface and other at the deepest depth. Table 1 shows sampling campaign dates and depth profiles for the sampling station.
In situ temperature, Dissolved Oxygen (D.O.) and turbidity were measured with the multiparametric probe YSI.
Samples for nutrient, salinity and chlorophyll a analysis were collected in 2 L plastic bottles. Samples for phytoplankton analysis were collected in 250 mL bottles and treated in situ with glutaraldehyde (2% final concentration) as indicated by Sournia (1978) . Both bottles were kept at 4ºC until their arrival at the laboratory.
Once in the laboratory, samples were divided into several proportional parts, following the conservation procedures suggested by APHA (1998). Samples were filtered through cellulose acetate membrane filters of 0.45µm (Millipore HAWP) for nutrients (except for total phosphorus (TP) which was measured on unfiltered samples) and salinity. Membrane filters were used to determine chlorophyll a content.
For the nutrients analysis (ammonium, nitrite, nitrate, soluble reactive phosphorus (SRP), TP and orthosilicic acid) an Alliance Instruments auto-analyzer was used, following the methodology described by Treguer & Le Corre (1975) , and taking into account Kirkwood et al. (1991) and Parsons et al. (1984) considerations. On the determination of chlorophyll a the trichromatic method based on spectrophotometry (APHA 1998) was used. Algal counts were made by an epifluorescence microscopy (Vargo 1978 ) with a Leica DM2500 microscope, using a 100× oil-immersion objective (Pachés et al. 2012) . Using epifluorescence microscopy, phytoplankton cell shapes, flagella, or other cell extensions can be observed, together with the size and shape of the chloroplasts and their red or orange autofluorescence, which provide the basis for identification (Havskum et al. 2004) . Standard keys and manuals were used for taxonomic determinations (Caljon 1983; Ettl 1983; Round et al. 1990; Tomas 1997) 
Statistical analyses
The correlations between the phytoplankton composition and the environmental factors were assessed using redundancy analysis (RDA) which is a linear method of direct ordination using the CANOCO package (ter Braak 1986). All biological data used in the analysis were logarithmically transformed to stabilize variance and reduce the influence of dominant taxa on the ordination. RDA was performed using CANOCO for Windows 4.5 (ter Braak & Smilauer 1998) with manual selection to identify the significance of the environment variables that best explain phytoplankton composition. Water temperature oscillates between 12.4 ºC at 6.20 metres depth in March and 29.1ºC at surface in July. In March, May and July the superficial water layer is warmer than the deeper, however in October the superficial water layer is colder (Fig. 2) . Vertical temperature differences from the surface to the bottom reached 9.3 ºC in July and 5.9 ºC in October. Moreover, it can be observed a sharp change in temperature in the first centimetres of the water column in October campaign.
Results
Physical and chemical water parameters
The maximum salinity value found in October at 6.40 metres depth (35.63 g.kg Nitrate is the most abundant nitrogen compound and its pattern is quite similar to the former. The minimum value found is 9.6 μM at 6.10 metres depth in July and the maximum is 896.7 μM at the surface in March. During the study period, the main phytoplankton taxa identified are Diatoms, Dinophyceae, Cryptophyceae, Prymnesiophyceae, Chlorophyceae, Prasinophyceae, colonial Cyanobacteria and picocyanobacteria although the ratio of these groups is different for each sampling campaign. The results of the RDA are displayed in an ordination plot for the Cullera Estany (Fig. 4) Finally, the October campaign that also has temperature stratification, shows all samples but two, distributed closely and on the positive side of the two axes. The main phytoplankton groups related to October samples are Diatoms and Prymnesiophyceae. Those samples located away correspond to the superficial water, indicating that environmental conditions in this layer are different.
Discussion
Environmental factors
In this ecosystem, the change of physical, chemical and biological parameters is mainly related to inland-sea water interaction which depends mainly on natural factors and on the anthropogenic regulation of water fluxes in the channels. From late spring the freshwater flow dominates, establishing in July a marked stratification of fresh and salt water. The origin of this freshwater is due to irrigation water returns from the crop near the lagoon since in summer period irrigation and fertilization are intensified (Lidón et al. 1999) . Thus, the highest salinity values are always in the deepest part of the lagoon and may come from the sea.
In addition, there is a biomass peak at 1.30 metres probably due to the saline shock that produce senescence and subsequent sedimentation in the halocline. During this sedimentation process, the cells of affected organisms are hold in the halocline (which is a calm zone), where they are accumulated producing vertical distribution peaks (Falco et al. 2006) . This biomass decomposes at the bottom of the column leading to anoxia conditions. The mineralization process leads to the highest ammonium, TP, SRP and orthosilicic acid values for all the campaigns. Furthermore, the redox potential gradient through the column varies from 0 mV to -250 mV, and it turns into negative values at 4 metres depth.
Finally, October campaign also has a saline stratification and a sharp variation in temperature, registering the superficial water layer colder and fresher than the bottom. The high nitrate and orthosilicic acid content that show this superficial layer suggest its continental origin (Falco et al. 2006) . The large rate of nitrate variations in October (rainfall season) is due to the surplus of water leached which elevates the amount of nitrogen.
Although there are few published studies related to the physical and chemical characterization of the Cullera Estany, the results obtained are in concordance with those achieved by Marti (2007) unpublished data, and Falco et al. 2006 (oral communication) where a high salinity stratification in the water column was found mainly produced by freshwater inputs. It was also found that in the freshwater layer, O.D., nitrite, nitrate and chlorophyll a values were always higher. However SRP, TP, and orthosilic acid concentrations vary greatly. Organic matter mineralization caused anoxia phenomenon from 3 metres deep on, mainly in the middle of the coastal lagoon and during spring and summer. Finally, it was also found a chlorophyll a peak in the halocline and chemocline.
Biological data
The Estany phytoplankton composition varies widely in time due to the significant fluctuations in environmental parameters. According to RDA analysis results, temperature and nitrite are the most important environmental factors modifying the phytoplankton composition. The rather low percentage of variance in the phytoplankton data explained by the environmental variables in the RDA is quite common in complex ecological monitoring data (ter Braak & Smilauer 1998) , and it is partly due to other factors, not considered in this study, influencing the phytoplankton population (e.g. grazing, sedimentation, micronutrients).
In March campaign, Prasinophyceae (pico and nano cell-size) and Dinophyceae are the most correlated taxa. This may be due to the fact that Dinophyceae are considered to be favoured when small-celled species exist since many of them are mixo or heterotrophs (Suikkanen et al. 2007) . In addition, these groups are abundant in winter and in muddy but well oxygenated zones.
However, the phytoplankton composition shifts towards Diatoms and Cryptophyceae dominance in May campaign. In freshwater environments some Cryptophyceae taxa are often present in constant but relatively low numbers throughout the year, although sudden population increases are also common (Novarino 2003) . This seems to happen in this campaign where in the middle water column Cryptophyceae reaches a 96% abundance percentage.
In July the high water stratification conditions may induce shifts in phytoplankton composition. In the superficial layer Diatoms and Chlorophyceae are abundant. The increase in Chlorophyceae may be associated with the decrease in salinity, as many of the common Chlorophytes are of freshwater origin. However Cryptophyceae increases its proportion in the middle depth of the column as this group generally appears during the stratification period in the Cullera Estany due to the greater motility characteristics and size of these organisms (Rojo et al. 1986 ). Mediterranean climate is characterized by a strong seasonality in rainfall period (Ramos 2001) .
During this year, the highest rainfalls occurred in October before the sampling date (AEMET 2011) . This fact generates another change in the phytoplankton composition since fast-growing small-celled centric Diatoms reach the highest density in this campaign during the entire water column. This may be due to the fact that silicate inputs are mainly fluvial and therefore this silica-dependent group is favoured to growth. This relationship would explain the relative decrease in the abundance of Dinophyceae and other non-siliceous species.
The results obtained in this study are in concordance with those achieved by Rojo and Miracle (1984) and Rojo et al. (1986) in the Cullera Estany. In these studies water samples were taken at different depths during an annual cycle. The same phytoplankton groups were identified and different groups of association of phytoplankton were characterized. Some of the best defined phytoplankton associations were first, a group composed mainly by small centric diatoms, which can be considered as one of the first succesional stages in spring time. Another group detected was made up by Cryptophyceae and several Chlorophyceae founded in the upper part of the water column, which succeeds in early summer.
And, finally, a group composed mainly by fast-growth of small centric diatoms characteristic of fluctuating conditions. In addition, Chrysophyceae and Euglenophyceae were detected in a short period of time as it happens in our study.
Available data from picophytoplankton in the Cullera Estany are scarce since most of the published data are based on inverted microscopy and this technique neglect picophytoplankton and many nano-sized organisms (Domingues et al. 2008) .
However, studies of picophytoplankton seasonal variations performed in temperate areas found highest picoplankton abundance in summer when water temperature reaches its maximum (Caroppo 2000) as it happens in the Cullera Estany.
Regarding the WFD phytoplankton is the only planktonic element to be considered for this water body (Annex V). Thus, several phytoplankton-related variables (composition, abundance and biomass), are required to be evaluated by member states. Furthermore another physico-chemical parameters need to be studied (salinity and thermal, nutrient and oxygenation conditions). Results obtained in this research related to phytoplankton, nutrients and salinity may be considered as a starting point for future WFD implementation activities. 
